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RELATIONSHIPS  AMONG  BANK  RECESSION,  VEGETATION,  SOILS,  SEDIMENTS  AND 
PERMAFROST  ON  THE  TANANA  RIVER  NEAR  FAIRBANKS,  ALASKA 

Lawrence  W.  Gatto 


INTRODUCTION 

The  Corps  of  Engineers,  Alaska  District,  is  responsible  for  the  planning 
and  construction  of  groins  along  the  flood  control  levee  between  Fairbanks 
and  the  Tanana  River  (Fig.  I).  The  groins  will  be  placed  to  divert  the  river 
southward  from  the  north  bank  so  as  to  stop  bank  erosion  and  bankline  reces¬ 
sion.  The  Corps  plans  to  build  additional  groins  as  required  to  protect  the 
levee  from  being  undermined  by  bank  erosion  and  to  maintain  500  ft  of  land 
between  the  levee  and  the  river.  Any  information  on  where  future  north  bank 
erosion  will  likely  occur  would  be  useful  to  the  Corps  in  planning  the  re¬ 
quirements  for  groin  construction. 

Objectives 

This  analysis  was  done  to  determine  if  the  selected  banks  have  charac¬ 
teristics  that  make  them  erodible  and  if  these  characteristics  are  identifi¬ 
able  from  available  data  on  bank  vegetation,  soils,  sediments  and  permafrost. 
If  the  existing  data  could  be  related  to  historical  bank  recession,  then 
these  data  could  be  used  to  anticipate  where  future  bank  erosion  and  reces¬ 
sion  would  occur. 

The  available  data,  compiled  from  maps  and  well  logs,  were,  however,  not 
intended  for  a  site-specific,  comparative  analysis  such  as  this.  Because 
these  general  data  were  not  collected  at  locations  proper  for  this  type  of 
study,  detailed  statistical  analyses  were  neither  warranted  nor  applicable. 
Consequently  the  comparative  analyses  were  intentionally  simple. 

Background 

Ihe  roles  of  vegetation,  soils,  sediments  and  permafrost  in  influencing 
river  bank  erodibllity  are  not  firmly  established,  although  it  is  agreed  that 
they  Influence  the  rates  of  bank  erosion  and  recession.  In  Alaska,  the  ef¬ 
fect  of  permafrost  on  erodibllity  is  perhaps  the  factor  about  which  there  is 
most  debate.  This  disagreement  is  apparent  in  the  papers  reviewed  by  Scott 
(1979)  and  Lawson  (1983). 


In  general  terms,  Che  Fairbanks  area  is  in  the  discontinuous  permafrost 
zone  (Ferrians  1965,  Ferrians  et  al.  1969),  as  it  is  underlain  by  areas  of 
moderately  thick  to  thin  permafrost  in  fine-grained  deposits  and  by  isolated 
masses  of  permafrost  in  coarse-grained  deposits.  Some  investigators  report 
that  ice-rich  permafrost  increases  bank  recession  beyond  what  would  occur  if 
ground  ice  were  absent,  because  thermal  erosion  of  the  ground  ice  adds  to  the 
volumes  of  bank  material  eroded  by  river  water  abrasion  alone  (Lewellen  1972, 
Shamanova  1971).  The  higher  the  ice  content  in  a  bank,  the  faster  the  bank 
erosion  (Are  1977,  Shamanova  1971,  Miles  1977). 

In  addition,  thermal  erosion  (and  consequently  bank  recession)  may  be 
more  rapid  when  water  is  in  contact  with  the  frozen  bank  zone  (Jahn  1975,  Are 
1977)  and  when  either  the  temperature  of  the  ice-rich  permafrost  is  near  0°C 
or  the  water  temperature  is  warm  (Are  1977,  Cooper  and  Hollingshead  1973, 

Jahn  1975). 

Other  investigators  conclude  that  frozen  sediments  are  harder  to  erode 
by  fluvial  action  than  unfrozen  sediments  (Outhet  1974)  and  permafrost  tends 
to  stabilize  material  that,  if  unfrozen,  would  be  inherently  unstable  (Cooper 
and  Hollingshead  1973).  Consequently,  permafrost  may  slow  bank  erosion  and 
recession.  Scott  (1978)  concluded  that  the  frozen  material  has  no  direct 
effect  on  the  rate  of  erosion  if  the  bank  erosion  rate  is  lower  than  the  thaw 
rate  of  bank  permafrost;  conversely,  the  frozen  bank  will  retard  erosion  if 
the  erosion  rate  is  greater. 

The  question  of  the  effects  of  permafrost  on  the  erodibility  of  a  bank 
is  complicated  by  many  factors:  bank  sediment  texture  and  properties,  ice 
structure  of  the  permafrost,  vegetation,  river  stage,  bank  aspect,  current 
velocity,  water  temperature  and  angle  of  attack  (severity  of  erosive  attack) 
(Are  1977,  Cooper  and  Hollingshead  1973,  Jahn  1975,  Lawson  1983,  Miles  1977, 
Ritchie  and  Walker  1974,  Scott  1978,  and  Smith  1976). 

My  purpose  is  not  to  try  to  resolve  the  disagreements  regarding  the  ef¬ 
fect  that  permafrost  has  on  bank  erosion.  This  would  require  a  detailed, 
8ite-specif ic  field  study  of  selected  river  bank  reaches.  I  mention  this  on¬ 
going  debate  simply  to  point  out  a  few  of  the  factors  that  influence  erosion 
and  to  emphasize  the  potential  effects  of  permafrost  on  bank  erosion  along 
the  Tanana  River. 
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APPROACH 


The  Corps  of  Engineers,  Alaska  District,  and  CRREL  personnel  selected 
reaches  1  (Figs.  1  and  2)  and  2  (Fig.  3)  for  analysis.  It  was  understood 
that  reaches  3  and  4  (Fig.  1)  might  be  analyzed  later  if  the  results  of  this 
initial  analysis  showed  that  existing  data  could  be  useful  for  anticipating 
where  future  erosion  may  occur. 
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a.  Upstream  end  of  revetment. 


b.  Downstream  end  of  revetment. 


Figure  2.  Upstream  portion  of  reach  1  with  riprap  revet¬ 
ment  (white  arrow),  2  October  1980. 
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c.  Bank  erosion  just  downstrean  of  revetment.  Not1 
the  sandy-sllt  bank  sediment  (field  book  for  scale). 

Figure  2  (cont'd). 


Figure  3.  Upstream  portion  of  reach  2,  9  May  1980;  USGS 
gauging  station  (A)  and  the  approximate  location  of  well 
43(B). 


Data  sources 


The  vegetation  and  soils  information  were  obtained  from  available  maps 
that  show  unit  distributions  throughout  the  Fairbanks  area.  As  with  all  gen¬ 
eral  maps,  characteristics  at  a  particular  site  may  vary  from  the  regional 
descriptions.  Although  these  maps  may  be  of  debatable  utility,  no  site-spe¬ 
cific  vegetation  or  soils  data  were  available. 

A  broader  range  of  data  was  available  on  sediments  and  permafrost.  Gen¬ 
eral  information  was  taken  from  maps,  and  site-specific  data  were  obtained 
from  the  logs  of  wells  drilled  by  the  Corps  of  Engineers.  The  well  log  data 
were  collected  for  pre-construction  analysis  of  the  subsurface  conditions 
along  the  planned  route  of  the  flood  control  levee.  Consequently,  the  wells 
were  drilled  along  or  near  this  route,  which  runs  approximately  parallel  to 
the  bank,  but  not  near  the  riverbank  at  most  locations  (Fig.  1). 

The  Corps  classified  the  sediments  from  the  wells  according  to  the  Uni¬ 
fied  Soil  Classification  System  (Tables  A1-A3).  For  comparison,  Table  A4 
shows  sediment  sizes  expressed  in  different  scales.  Descriptions  of  specific 
engineering  characteristics  of  the  sediments  and  nature  of  the  permafrost  are 
not  included  in  the  well  logs,  although  information  on  the  following  are  usu¬ 
ally  provided:  color,  presence  or  absence  of  organics  and  ice  crystals, 
depth  of  seasonal  frost  and  water  table,  ground  water  flow  rate,  percentage 
of  silt,  sand  and  gravel  at  sampled  depths,  layering  within  a  given  sediment 
type,  penetration  rate  during  drilling,  and  whether  the  sediment  was  frozen 
or  wet. 

Analytical  methods 

Initially,  I  transferred  the  Corps'  well  locations  from  maps  onto  base 
photographs  (Fig.  4)  and  superimposed  historical  bankline  positions  onto  the 
vegetation,  soils  and  general  sediment  maps  using  a  zoom  transfer  scope.  The 
process  of  transferring  and  superimposing  with  a  zoom  transfer  scope  is,  how¬ 
ever,  somewhat  Inaccurate. 

I  then  plotted  the  sediment  logs  and  categorized  them  in  5-ft  depth  in¬ 
tervals  from  the  bank  surface  to  the  approximate  depths  that  could  be  eroded 
by  the  river.  These  depths  were  obtained  from  available  river  cross  sec¬ 
tions.  I  had  to  assume  for  this  analysis  that  the  sediments  and  permafrost 
in  a  local  area  were  similar  to  those  in  the  closest  well.  Clearly  this  as¬ 
sumption  may  be  invalid,  but  it  was  necessary  in  order  to  use  the  well  log 
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a.  West  part  of  cross-section  4A  (locations  on  Fig.  4). 


Figure  8.  Cross  sections  4a,  7A,  8a  and  X9. 

(unit  2)  than  where  man's  activities  (unit  9)  may  have  adversely  affected  a 
forest  cover  and  consequently  reduced  any  potential  hank  reinforcement  caused 
by  the  forest  roots.  The  river,  however,  has  eroded  the  bank  to  a  depth  well 
below  that  where  roots  are  found.  Along  reach  1,  this  depth  can  be  32  ft  be¬ 
low  the  ground  surface,  and  8  to  15  ft  below  along  reach  2  (Fig.  8). 

I  suggest  that  falling  trees  may  actually  contribute  to  bankline  reces¬ 
sion.  Once  the  supporting  sediment  below  the  tree  root  zone  Is  eroded,  the 
unsupported  trees  would  lean  and  collapse  Into  the  river,  carrying  with  them 
large  amounts  of  bank  sediment.  Since  the  white  spruce/paper  birch  trees  In 
unit  2  may  be  older  (Table  1)  and  have  a  more  developed  root  system  than  the 
trees  In  the  other  units,  they  may  remove  more  bank  sediment  when  they  col- 
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Table  6.  Bankline  recession  (ft)  along  transects  drawn  from  each  well 
through  the  historical  banklines,  reach  2  (Fig.  4). 


1948- 

1961 

1961- 

-1970 

1970- 

1975 

1975- 

1980 

Wells  Recession 

Cumulative 

Recession 

Cumulative 

Recession  ■ 

Cumulative 

Recession  i 

emulative 

653 

0 

0 

0 

0 

0 

0 

0 

0 

651 

0 

0 

240 

240 

240 

480 

180 

660 

33 

200 

200 

280 

480 

100 

580 

40 

620 

34 

410 

410 

0 

410 

0 

410 

140 

550 

35 

0 

0 

100 

100 

60 

160 

0 

160 

36 

0 

0 

0 

0 

100 

100 

0 

100 

37 

0 

0 

0 

0 

80 

80 

0 

80 

124 

80 

80 

0 

80 

260 

340 

0 

340 

39 

60 

60 

310 

370 

150 

520 

0 

520 

40 

30 

30 

50 

80 

150 

230 

0 

230 

41 

0 

0 

0 

0 

260 

260 

0 

260 

42 

0 

0 

0 

0 

0 

0 

0 

0 

43 

0 

0 

0 

0 

0 

0 

0 

0 

Avg=60 

> 

< 

>3 

oo 

O 

Avr»1 10 

Avr-30 

Table  5).  The  average  recession  in  unit  4  was  390  ft  (the  high  being  620  ft, 
the  low,  0  ft)  and  the  average  in  unit  15  was  240  ft  (the  high  being  520  ft, 
the  low  80  ft).  No  bank  recession  occurred  in  unit  9.  This  finding  suggests 
that  the  bank  with  unit  2  vegetation  is  most  erodible,  followed  by  the  banks 
with  units  4,  15  or  9  in  decreasing  order. 

With  minor  exceptions,  the  trends  in  the  bankline  recession  have  not 
changed  drastically  during  any  of  the  intervals  (Fig.  7).  The  western  end 
of  the  reach  (Fig.  4)  receded  faster  in  each  interval  than  the  middle  or 
eastern  portions.  However,  interval  recession  varied  drastically  (Table  6) 
adjacent  to  particular  wells  and  within  the  same  vegetation  unit. 

From  1961  to  1970,  high  recession  occurred  in  units  15,  4  and  2  while 
most  of  the  recession  was  in  unit  15.  From  1970  to  1975,  most  recession  oc¬ 
curred  in  unit  15  and  less  in  units  2  and  4.  From  1975  to  1980,  most  reces¬ 
sion  occurred  in  units  4  and  2  vegetation,  while  units  15,  9  and  4  showed  no 
recession. 

Discussion.  Although  the  amounts  and  the  time  of  recession  for  a  parti¬ 
cular  vegetation  unit  vary  greatly,  the  cumulative  recession  data  along  both 
reaches  suggest  that  banks  with  unit  2  vegetation  receded  the  most  and  those 
with  unit  9  vegetation  receded  the  least  (Table  3).  This  is  contrary  to  what 
is  frequently  assumed.  Investigators  report  that  vegetation  reinforces  bank 
sediments  (Smith  1976)  and  contributes  to  bank  resistance  (Mackin  1956).  The 
binding  from  the  vegetation  root  mat  can  retard  slumping  of  undercut  banks 
but  is  unimportant  in  limiting  bank  erosion  along  large  streams  (Scott  1978). 
One  would  expect  less  erosion  along  banks  with  extensive  tree  root  systems 
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Table  5.  Bank  characteristics  at  well  locations,  reach  2. 

_ Sediment*  _ 


Cumulative  Site-specific  (D* 


Well  no. 

Eroded 

recession  (ft) 

Vegetation 

Soils 

General 

PT 

ML 

SM 

SP 

GP 

GW 

Permafrost 

653 

No 

0 

_ 

__ . 

Qc 

100 

No 

651 

No 

660 

2 

Sc 

Qc 

41 

59 

No 

33 

No 

620 

4 

Sc 

Qc 

16 

44 

30 

10 

No 

34 

No 

550 

4 

Ta 

Qc 

20 

45 

25 

10 

No 

35 

No 

160 

15 

Ta 

Qc 

16 

49 

25 

10 

No 

36 

No 

100 

15 

Sc 

QC 

16 

54 

24 

6 

No 

37 

No 

80 

15 

Ta 

24 

50 

26 

No 

124 

Yes 

340 

15 

Sc 

Qc 

22 

28 

50 

No 

39 

No 

520 

15 

Sc 

Qc 

18 

56 

18 

8 

No 

40 

No 

230 

15 

Sc 

QC 

20 

56 

24 

No 

41 

No 

260 

15 

Sc 

Qc 

20 

50 

30 

No 

42 

No 

0 

4 

Sc 

QC 

16 

48 

36 

No 

43 

No 

0 

9 

Sc 

_ -S£_ 

50 

30 

20 

No 

*  Sediment  percentages  Cram  top  of  bank  to  I8-ft  depth. 


West  East 


Figure  7.  Bankline  recession  adjacent  to  the  wells 
along  reach  2. 
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Reach  I 


Wall  Number* 

North  South 

Figure  6.  Batikline  recession  adjacent  to  the  wells  along 
reach  1. 

and  5.  From  1975  to  1980  more  of  the  bank  with  unit  2  vegetation  receded 
faster  than  the  portion  with  units  5  and  9,  respectively  (Table  4). 

Reach  2.  Most  of  reach  2  (Fig.  5)  is  covered  by  balsam  poplar/ white 
spruce  (unit  15),  followed  by  balsam  poplar/paper  birch  (unit  4)  and  tdiite 
spruce/paper  birch  (unit  2).  Less  unit  2  vegetation  appears  to  be  within  the 
eroded  area  of  reach  2  than  within  that  of  reach  1.  "Water  and  cultural  fea¬ 
tures"  (wit  9)  cover  only  a  small  part  of  the  reach  on  the  eastern  end.  The 
vegetation  at  well  site  653  was  not  mapped  (Table  5).  One  well  was  in  wits 
2  and  9,  three  wells  were  in  unit  4,  and  seven  wells  were  in  unit  15. 

With  the  first  method,  it  would  be  Inferred  that  wit  15  vegetation  is 
the  most  erodible  along  reach  2  because  the  only  eroded  well  was  in  wit  15. 
The  other  wits  would  be  equally  less  erodible  (Table  3).  With  the  transect 
method,  the  highest  cumulative  recession  (660  ft)  occurred  in  wit  2  (Fig.  7; 


16 


Table  3.  Summarized  results  of  vegetation  analysis. 


Analytical  methods _ Hatch  1  _ Reach  2 


Method  l 

unit 

2,9,5 

unit 

15,  46269 

Method  2 

Cuaulat lve  recesilon 

unit 

2,5  or  9 

unit 

2,4,15,9 

Recession  per  Interval 

1448-1961 

unit 

5.9,2 

no  data 

1961-1970 

unit 

962,5,562 

unit 

15,462,15,1561469 

1970-1975 

unit 

5,265,96265 

unit 

15,2,4,469 

1975-1980 

unit 

2.5,9 

unit 

2.4,9,15 

-  ....  .  -  -  — - -  1  '  — ~  ~  1 

Measured  recession  (method  2)  decreased  In  unles  as  listed. 


Table  4.  Bankline  recession  (ft)  measured  along  transects  drawn  from  each 
well  through  the  historical  banklines,  reach  1  (Fig.  4). 


Wells 

1948- 

-1961 

1961- 

1970 

1970-1975 

1975-1980 

Recession 

Cumulative 

Recession 

emulative 

Recession 

Cumulative 

Recession 

emulative 

2223 

110 

110 

240 

350 

0 

350 

0 

350 

2224 

70 

70 

390 

460 

0 

460 

0 

460 

2165 

120 

120 

340 

460 

0 

460 

100 

560 

2169 

150 

150 

320 

470 

0 

470 

260 

730 

2170 

100 

100 

300 

400 

0 

400 

520 

920 

2164 

40 

40 

240 

280 

170 

450 

550 

1000 

2228 

10 

10 

190 

200 

320 

520 

490 

1010 

2229 

0 

0 

100 

100 

490 

590 

390 

980 

2171 

40 

40 

70 

110 

580 

690 

290 

980 

2172 

100 

100 

10 

110 

620 

730 

240 

970 

2173 

110 

110 

0 

110 

620 

730 

160 

890 

2168 

170 

170 

0 

170 

530 

700 

120 

820 

662 

220 

220 

30 

250 

430 

680 

110 

790 

2236 

230 

230 

70 

300 

320 

620 

(10 

730 

2293 

240 

240 

80 

320 

270 

590 

130 

720 

2101 

240 

240 

140 

280 

170 

550 

130 

680 

2102 

170 

170 

190 

360 

0 

360 

130 

490 

2104 

130 

130 

130 

260 

0 

260 

0 

260 

Av«-130 

Avr-160 

Av*-250 

Avjj  .-2 10 

unit  5  with  970  ft  and  700  ft,  respectively,  and  unit  9  with  560  ft  and  460 
ft,  respectively.  However,  unit  5  also  had  the  lowest  cumulative  recession, 
260  ft.  These  cumulative  figures  suggest  that  wit  2  is  most  erodible,  fol¬ 
lowed  by  either  units  5  or  9.  However,  the  amounts  of  bankline  recession 
along  a  transect  change  between  the  time  intervals  (Fig.  6)  so  that  the  ef¬ 
fects  of  vegetation  do  not  always  Influence  bank  erosion  in  the  same  way  and 
the  same  bank  erodes  at  variable  rates. 

From  1948  to  1961  most  recession  (Fig.  6;  Table  4)  occurred  where  unit  5 
vegetation  predominates  and  the  least  recession  occurred  in  unit  2  vegeta¬ 
tion.  From  1961  to  1970,  most  recession  occurred  in  unit  9  and  2  vegetation 
and  less  recession  occurred  in  units  5  and  2.  From  1970  to  1975,  most  reces¬ 
sion  occurred  in  unit  5  vegetation  and  there  was  no  recession  in  units  9 ,  2 
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Table  1.  General  characteristics  of  locales  along  the  Tanana  River  that  have 
the  vegetation  shown  (from  Van  Cl eve  et  al.  1980). 


Effects  of  alluvial 

Frequency  erosion  and  deposition 


Age  of  and  other  physical  Z  Shrub 

(yr) _ Elevation  flooding  Vegetation  type _ controls _ cover 


2-5  (newly- 

Open  shrub 

0-35 

deposited 

alluvium) 

(wlllow/alder) 

5-10 

Closed  shrub 

35-55 

20-40 

00 

00 

Young  balsam  poplar 

00 

10-100 

80-100 

(0 

<u 

u 

CO 

0) 

u 

Mature  balsam  poplar. 

Young  white  or  black 

(0 

0» 

u 

30-50 

u 

c 

t-i 

o 

& 

spruce,  Alder 

u 

V  1 
Q  ' 

125-175 

Old  balsam  poplar. 

Young  white  or  black 

10-50 

spruce 

, 

200-300  (old 

Mature  white  or  black 

J 

10-20 

Alluvium) 

1 

_ 3 

'  spruce 

_ 3 

' 

where  paper  birch  predominates  is  similar  to  that  where  white  spruce  is 
found. 

Reach  1.  White  spruce/paper  birch  (unit  2)  and  paper  birch/black  spruce 
(unit  5)  covered  most  of  the  land  area  along  reach  1  that  was  eroded  between 
1948  and  1980  (Fig.  5).  The  north  part  of  the  reach  was  predominantly  water 
and  cultural  features  (unit  9).  Three  well  sites  are  in  unit  9  (Table  2), 
six  in  unit  2  and  nine  in  unit  5. 

Using  the  first  analytical  method,  I  estimated  that  one  of  the  three 
wells  in  unit  9,  all  six  in  unit  2,  and  one  of  the  nine  in  unit  5  were  eroded 
between  1948  and  1980.  From  these  figures,  it  can  be  inferred  that  the  sec¬ 
tion  with  unit  2  vegetation  is  most  erodible  and  that  the  sections  with  units 

9  and  5  follow  in  decreasing  order  (Table  3). 

2 

Wuebben  pointed  out  that  the  amount  of  historical  recession  adjacent  to 
the  eroded  well  locations  and  the  uneroded  locations  Is  nearly  equal  (Fig. 

4).  The  recession  for  these  two  groups  has  occurred  during  different  times 
as  the  river  migrated  and  eroded  different  parts  of  the  bank.  The  uneroded 
well  locations  (Fig.  4)  are  simply  farther  beck  from  the  1980  bankline. 

Following  the  second  (or  transect)  method,  the  highest  cumulative  (1010 
ft)  and  average  (940  ft)  recession  occurred  in  unit  2  (Table  2),  followed  by 

J.  Wuebben,  CRREL,  pers.  comm.  1982. 
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2  -  White  spruce/paper  birch 

4  -  Balsam  poplar/paper  birch 

5  -  Paper  birch/black  spruce  (usually  a  wetland) 

9  -  Water  and  cultural  features 

15  -  Balsam  poplar/ white  spruce 

Figure  5.  Vegetation  distribution  (Graham  1975); 
bankline  position  similar  to  that  in  1984  along 
reach  1  (Fig.  4)  and  1961  along  reach  2  (Fig.  4). 

more  recent  information  would  likely  be  more  reliable  because  fires  in  the 
Tanana  River  lowlands  frequently  alter  the  natural  succession  of  trees.  In 
addition,  the  Graham  map  contained  more  vegetation  units  for  reach  2,  which 
allowed  a  better  evaluation  of  erosion  differences  between  the  units. 

The  Graham  (1975)  vegetation  units  (Fig.  5)  are  so  general  that  only 
four  tree  types  make  up  the  four  units.  The  vegetation  in  unit  9  was  not 
given  but  it  is  probably  similar  to  the  others.  Paper  birch  is  in  three 
units,  while  white  spruce  and  balsam  poplar  are  in  two.  This  overlap  compli¬ 
cates  trying  to  infer  if  vegetation  has  affected  erosion  along  these  reaches. 

Unit  2  is  dominated  by  white  spruce  stands  with  secondary  paper  birch. 
The  age  of  the  white  spruce  trees  could  vary  from  80  to  300  years  (Table  1). 
Usually  the  elevation  of  the  area  with  white  spruce  above  the  river  is  higher 
than  with  other  trees.  Consequently,  the  frequency  of  floods,  fluvial  ef¬ 
fects,  and  the  percentage  of  shrub  cover  decrease  with  age. 

Balsam  poplar  dominates  in  units  4  and  15.  Generally  the  age  would  vary 
between  20  and  175  years.  The  elevation  of  the  terrain  would  be  lower  than 
that  with  white  spruce  and  would  tend  to  be  affected  more  by  flooding  and 
other  fluvial  actions.  Also  the  shrub  cover  is  more  extensive  ( 1 0Z  to  100Z). 

Paper  birch  dominates  unit  5,  which  is  usually  a  wetland.  Frequently, 
paper  birch  succeeds  after  white  spruce  has  been  burned,  so  that  the  area 
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data.  Two  methods  were  used  for  evaluating  the  correlation  between  vegeta¬ 
tion,  so ils ,  sediment  and  permafrost  and  riverbank  erosion. 

Method  1 .  The  first  method  was  to  visually  compare  the  vegetation, 
so ils,  sediments  and  permafrost  data  to  detect  any  difference  at  eroded  and 
uneroded  well  sites.  There  were  two  problems  with  this  approach.  First,  the 
Inaccurate  positioning  of  the  well  sites  with  the  soon  transfer  scope  influ¬ 
enced  whether  or  not  a  well  was  positioned  in  the  eroded  or  uneroded  part  of 
the  bank  (Fig.  4).  This  was  a  special  problem  where  the  wells  were  original¬ 
ly  drilled  near  an  old  riverbank  or  where  the  wells  are  now  near  the  bank  due 
to  bankline  recession. 

Second,  it  was  not  possible  to  determine  whether  a  particular  well  loca¬ 
tion  was  eroded  because  of  its  vegetation,  soil,  sediment  or  permafrost  char¬ 
acteristics  or  simply  because  it  was  drilled  nearer  the  bank  than  an  uneroded 
well.  To  adequately  evaluate  if  bank  erosion  could  be  related  to  the  avail¬ 
able  data,  I  eliminated  this  uncertainty  by  the  second  method. 

Method  2.  This  second  approach  gave  a  measure  of  erodibillty  of  the 
bank  as  a  function  of  estimated  bank  recession  and  not  well  location.  This 
approach  used  the  well  logs  only  to  give  profiles  of  bank  sediments  and  per¬ 
mafrost.  1  had  to  assume  for  this  method  that  the  bank  sediment  and  perma¬ 
frost  profile  for  a  well  was  the  same  along  an  entire  transect  drawn  through 
the  well.  The  actual  ground  locations  of  the  wells  relative  to  the  bankline 
were  not  important  in  this  approach. 

Transects  were  drawn  perpendicularly  to  the  historical  banklines  through 
the  well  sites,  and  the  amomt  of  bank  recession  for  the  historical  periods 
was  measured  along  these  transects.  Then  I  compared  the  bank  characteristics 
to  differences  in  measured  recession.  Although  possible  correlations  can  be 
more  reliably  evaluated  with  this  second  method,  results  from  both  methods 
are  discussed  for  comparison  so  that  inferences  gained  from  either  approach 
will  not  be  overlooked. 

RESULTS 

Vegetation 

Vegetation  information  was  available  from  maps  and  descriptions  by  Gra¬ 
ham  (1975)  and  Rieger  et  al.  (1963).  Infonsation  from  the  latter  source  was 
based  on  photointerpretation  of  1951  photography.  Haugen1  suggested  that  the 

1R.  Haugen,  CRREL,  pers.  comm.  1982. 
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d.  Eastern  part  of  reach  2. 

Figure  4  (cont'd).  Approximate  historical  bankline  positions  (from  Buska 
1981)  and  well  and  river  cross-section  locations  (photographs  taken  7  May 
1980;  1:5000  scale). 
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c.  Middle  part  of  reach;  note  the  USGS  gauging  station 
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b.  Western  part  of  reach  2. 

Figure  4  (cont'd).  Approximate  historical  bankline  positions  (from  Buska 
1981)  and  well  and  river  cross-section  locations  (photographs  taken  7  May 
1980;  1:5000  scale). 
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a.  Reach  1,  note  revetment  shown  in  Figure  2. 

Figure  4.  Approximate  historical  bankline  positions  (from  Buska  1981)  and 
well  and  river  cross-section  locations  (photographs  taken  7  May  1980;  1:5000 
scale) . 
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lapse  into  the  river.  However,  Wuebben  points  out  that  bank  erosion  caused 
by  collapsing  trees  may  only  be  a  local,  temporary  aberration.  Since  the 
bank  was  probably  receding  anyway,  collapsing  trees  would  remove  soils  only 
from  the  top  of  a  bank  and  would  dislodge  a  minor  amount  of  extra  soil. 

Along  a  forested  bank,  more  significant  bank  soil  removal  and  bankline  reces¬ 
sion  might  occur  where  many  trees  are  collapsing  frequently. 

Chacho4  agrees  that  the  amount  of  bank  sediment  dislodged  when  trees 
fall  would  probably  be  insignificant.  He  suggests  that  the  collapsed  trees 
may  protect  the  bank  because  they  can  frequently  remain  attached  to  the  bank 
and  lie  against  its  submerged  portion.  As  long  as  the  trees  remain  attached, 
whether  on  the  water  surface  or  submerged,  it  could  be  argued  that  the  bank 
is  protected  from  river  erosion  because  the  currents  are  diverted  from  the 
bank  and  the  current  velocity  near  the  bank  is  reduced.  The  protection  of¬ 
fered  by  slumped  vegetation  has  also  been  discussed  by  others  (Scott  1978, 
Klimek  1975,  Smith  1976,  Miles  1977). 

The  comparisons  between  the  measured  recession  and  vegetation  in  the  in¬ 
tervals  gave  inconsistent  results.  The  bank  along  reach  1  with  unit  5  vege¬ 
tation  receded  the  most  during  two  intervals,  and  the  least  during  two. 

Banks  with  unit  9  receded  most  during  one  interval  and  the  least  during  two. 
Banks  with  unit  2  receded  most  during  one  interval  and  the  least  during 
three. 

Along  reach  2,  banks  with  unit  15  vegetation  receded  the  most  during  two 
intervals  and  the  least  during  three.  Banks  with  unit  4  receded  most  during 
one  interval  and  the  least  during  three.  Banks  with  unit  2  receded  most  dur¬ 
ing  one  and  the  least  during  one. 

In  light  of  the  inconclusive  evidence  from  this  analysis  and  the  specu¬ 
lations  on  the  effects  that  trees  may  have  on  bank  stability,  it  is  impossi¬ 
ble  to  adequately  infer  where  future  bank  erosion  will  occur  from  the  distri¬ 
bution  of  vegetation  types  available  on  the  existing  maps.  From  my  experi¬ 
ence,  I  think  this  type  of  simple  correlation  is  not  valid  without  additional 
data.  The  influences  of  vegetation  on  bank  erosion  are  neither  simple  nor 
consistent  and  many  other  factors  may  affect  the  amount  of  erosion  that  oc¬ 
curs  at  a  location. 

The  results  suggest  that  either  the  vegetation  has  little  effect  on  the 
erodibility  of  the  bank  or  the  existing  data  on  vegetation  are  not  detailed 
-3 - 

J.  Wuebben,  CRREL,  pers.  comm.  1982. 

4E.  Chacho,  CRREL,  pers.  comm.  1982. 
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enough  to  be  useful  In  determining  possible  vegetative  effects.  In  my  opin¬ 
ion  vegetation  is  not  an  important  factor  Influencing  bank  erosion  along  the 
Tanana  River. 

Soils 

The  regional  soil  association  along  both  reaches  is  loamy,  consisting  of 
nearly  level  histlc  pergellc  cryaquepts5  and  typlc  cryof luvents6  (Rieger  et 
al.  1979).  Along  the  lower  parts  of  the  floodplain,  soils  are  poorly  drained 
with  permafrost.  Soils  on  natural  levees  are  well  drained,  with  permafrost 
deep  or  absent.  Due  to  extensive  channel  shifting,  abandoned  channels  are 
numerous  but  not  always  conspicuous.  Most  areas  of  this  association  are 
flooded  occasionally. 

The  histlc  pergellc  cryaquepts  occur  In  poorly  drained,  low  areas  such 
as  meander  scars.  They  have  thick  surface  organic  horizons  and  are  usually 
saturated  above  a  shallow  permafrost  table.  These  soils  are  usually  strati¬ 
fied  and  range  from  silt  to  sandy  loam.  The  typlc  cryof luvents  occur  on  nat¬ 
ural  levees  and  are  well-drained,  having  thin  organic  seams  throughout  and 
permafrost  at  5  ft  or  more.  Usually,  they  consist  of  stratified  silt  loam 
and  fine  sands,  but  some  have  uniform  textures. 

Three  soil  series  were  present  along  the  two  reaches,  Salchaket  (Sc), 
Bradway  (Br)  and  Tanana  (Ta)  (Fig.  9).  Characteristics  of  these  soils  are 
summarized  In  Table  7  and  an  Idealized  distribution  of  soils  across  the 
Tanana  River  floodplain  is  shown  in  Figure  10. 

The  differences  between  sediment  textures  and  some  of  the  characteris¬ 
tics  of  the  three  soil  series  (Table  7)  are  insignificant.  One  would  not  ex¬ 
pect  a  substantial  difference  in  their  erodibllity.  The  Salchaket  and  Tanana 
soils  form  in  similar  locations  and  all  three  have  sands  and  silts  of  vari¬ 
able  thicknesses  over  gravels.  Their  profiles  are  similar:  organics  over 
silt  loam  over  fine  sand.  The  Salchaket  soil  typically  has  gravels  beneath  2 
ft.  Drainage  in  the  Salchaket  is  good,  but  poor  in  the  Bradway  and  Tanana. 
The  wetter  Bradway  and  Tanana  soils  may  be  slightly  more  erodlble  due  to 

Typlc  cryofluvents:  mostly  gray  soils  with  alternating  layers  of  sand  and 
silt  loam,  usually  underlain  by  thick  very  gravelly  sand;  some  irregular 
black  and  brown  streaks  from  buried  organics;  free  of  permafrost  or  only  at 
great  depth;  usually  occupy  natural  levees. 

6Histic  pergellc  cryaquepts:  soils  with  texture  ranging  from  gravelly  sand  to 
clay,  color  from  gray  to  olive  grey,  thick  organic  matter  on  surface;  perma¬ 
frost  is  shallow  and  active  layer  is  saturated  when  thawed;  textural  soil 
layers  are  disrupted  by  freeze-thaw  and  frost  processes;  occur  in  lowlands 
and  hilly  areas. 


22 


b.  Reach  2. 


Figure  9.  Soil  series  (from  Rieger  et  al.  1963).  The  bankline  is  as 
shown  in  1951  photography  and  is  similar  to  that  in  1948  (Fig.  4a). 
For  purposes  of  this  analysis,  the  two  banklines  were  considered  the 
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Table  7.  Soil  series  characteristics  (from  Rieger  et  al.  1963,  1979). 


Series 

Classification 

Texture 

Location/  Surface  Featurea/ 
Topographic  Position 

Salchaket 
(Sc,  very 
fine  sandy 
loam) 

Family:  Coarse-loamy, 
mixed,  nonacid 
Subgroup:  Typlc 
cryofluvents 

Order:  Entlsols 

Great  Group*: 

-  Sandy  with  silty  layers 

-  Underlain  by  coarse  sands 
and  gravels  at  10  In.  to 

6  ft  or  more 

-  thin  silt  layers  or  coarse 
sand  seams  at  any  depth 

-  Silty  eurface  layer  absent 
locally,  but  may  be  up  to 

12  In  thick 

Developed  In  nearly  level, 
recently  deposited  water- 
laid  material;  surface 
dissected  locally  by 
sloughs  and  old  stream 
scars;  contains  strips  of 
Bradway  very  fine  sandy 
loa  too  narrow  to  map 
separately 

Brad  way 

Family:  Loamy ,  mixed. 

-  Sandy 

Usually  In  former  stream 

(Br,  very 

nonacid 

-  Gravel  underlies  at  4  ft 

channels  (from  less  than 

fine  sandy 
loaa) 

Subgroup:  Pargellc 
cryaquepts 

Order:  Inceptlsols 

Great  Group:  Low-himic 
glay  soils 

or  more 

10  ft  to  more  than  a  mile 
wide);  narrow  channels 
near  Tan  ana  Rlvar  subject 
to  flooding;  lower  topo¬ 
graphic  position  than 
Slachaket  soils;  nearly 
level  terrain 

Tun an* 
(Ta,  tilt 
loaa) 


Family:  Loamy,  mixed, 
nooacld 

Subgroup:  Pargellc 
cryaquapc* 

Order:  tnceptleola 
Great  Group:  Lov-hualc 
gley  soils  Interfac¬ 
ing  toward  alluvial 
soli 


-  Silty 

-  lenses  of  very  fins  sandy 
loss  or  fine  sand  common 
at  any  depth 

-  gravel  at  4  to  10  ft 


Dearly  level  terrain  de¬ 
veloped  In  silty  material 
usually  located  farther 
from  principal  streams 
than  the  Salchaket  soils 


*1938  classification 
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Table  7  (cont'd) 


Typical  Profile  (Inches) _ Drainage _ Vegetation 


7-0:  aat  of  roots,  boss,  org. 

aat'l;  very  acid 
0-3:  olive  brown/greyish-brown 
(ML)**  silt  lorn  with  lenses  of 
org.  aat’l;  weak  granular 
structure;  very  friable; 
very  acid 

3-10:  gray/brovn  very  fine 
(ML)  sandy  Ion  very  weak 

blocky  structure;  very 
friable;  slightly  acid 
10-26:  gray  fine  sand  aottled 
(SM  or  broen;  no  structure; 

ML)  loose;  weak  alkaline 
26  +:  gravel/coarse  sand; 

(GP  or  rounded  pebbles 
SP) 


Well-drained; 
seasonal  high 
water  table, 
10-15  ft 


4-0:  aat  of  organic  nat'l 

nixed  with  snail  mounts 
of  silt,  nedltai  acid;  nay 
be  12  In.  thick  locally 
0-2:  black,  nucky  slit  loan; 

(OL)  weak  granular  structure; 
friable;  slightly  acid 
2-36:  dark-grey  very  fine  sandy 
(ML)  Ion  aottled  dark  brown; 
weak  platy  structure: 
very  friable;  aildly  alka¬ 
line;  thin  lenses  of  silt 
and  fine  sand,  usually 
below  24  in. ;  nay  be  green¬ 
ish  or  bluish  in  lower  part 


Poorly  drained; 
usually  always 
wet  above  peraa- 
frost;  seasonal 
high  water  table 
usually  18  In. 


5-0:  eat  of  roots,  no* a,  lichens; 
dark  brown  surface  to  black 
at  bottoa;  very  acid 
0-4:  olive-grey  silt  Ion  with 
(MH,  patches  of  black  and  gray 
OH  or  brown;  aasslve;  friable; 

OL)  neutral  pH 

4-20:  olive-brown  slit  Ion  with 

(ML)  patches  of  black  and  gray 

brown  and  dark  brown  aottlea; 
_ ngsslyej  friable:  aildly 


leper fectly 
drained;  always 
wat  above  parse- 
frost;  seasonal 
high  weter  table, 
less  than  1  ft 


**Bqulvalent  classification  In  the  0SCS 


White  spruce, 
paper  birch, 
quaking  aspen 
sons  balsn 
poplar 


Dense  stand 
of  sedges 
and  grasses 

to  low  shrubs 
and  cluape  of 
black  spruce 


Scrubby  black 
and  white 
spruce,  paper 
birch,  taearack 
and  willow;  nt 
of  boss  and  low 
shrubs  below 
trees 


Psmfrost 


Usually  absent  In 
soil  above  gravel 
Silty  lenses  under 
vegetation  a ay 
stay  fronn  Into 
suaaar 


Present  below  3-4 
ft  under  native 
vegetation 


Present  at  30  In. 
or  less  under 
native  vegetation 


their  more  persistent  wetness.  Permafrost  is  usually  absent  in  the  Salchaket 
above  the  gravels,  but  the  Bradway  and  Tanana  have  permafrost  at  3-4  ft  and 
at  about  30  in. ,  respectively. 

Reach  1.  Ten  wells  are  located  in  the  Tanana  soil  and  eight  in  the 
Bradway  (Table  2).  Three  of  the  eight  eroded  sites  were  in  Tanana  soil  and 
five  were  in  Bradway.  Seven  of  the  10  uneroded  sites  were  in  Tanana  soil  and 
three  of  10  were  in  Bradway  (Table  8).  This  trend  suggests  that  the  Bradway 
soil  is  more  erodible.  But  as  previously  stated,  this  first  method  of  simply 
comparing  soils  at  eroded  and  uneroded  well  sites  may  not  a  reliable  way  to 


Table  8.  Sunmarized  results  of  soils  analysis. 


Analytical  act  hod _ Reach  1 _ Reach  2 

Method  1 


Eroded  veils 

5  of  8 

(62X)-Br 

1 

of 

1 

(1002  >-Sc 

3  of  8 

(38X)-Ta 

Uneroded  veils 

7  of  10 

(70X)-Ta 

8 

of 

11 

(73X  )-Sc 

3  of  10 

(30X)-Br 

3 

of 

11 

(27X)-Ta 

•thod  2 

Cuaulative  recession* 

9  of  13 

(69X)-Br 

3 

of 

4 

(75X)-Sc 

4  of  13 

(31X)-Ta 

1 

of 

4 

(25X)-Ta 

Cumulative  recesslont 

4  of  5 

(80X)-Ta 

6 

of 

8 

(75X)-Sc 

1  of  5 

(20X)-Br 

2 

of 

8 

(25X)-Ta 

Transects  with  eost  recession 

195 1 ( 19A8  J—1961 

4  of  6 

(67Z)-Br 

1 

of 

2 

(50X)-Sc 

1 

of 

2 

(50X)-Ta 

1961-1970 

4  of  7 

<57X)-Ta 

2 

of 

3 

(66X)-Sc 

1970-1975 

4  of  6 

(6  7X)-Br 

4 

of 

4 

(100X)-Sc 

1975-1980 

5  of  7 

(71X)-Br 

2 

of 

3 

(66X)-Sc 

Transects  with  highest  recession 

1951(1948)-1961 

Ta 

Ta 

1961-1970 

Br 

Sc 

1970-1975 

Br 

Sc 

1975-1980 

Br 

Sc 

Transects  with  lowest 

recession 

1951 ( 1948)— 1 96 1 

Br 

5 

of 

8 

(6  3X)-Sc 

2 

of 

8 

(25X)-Ta 

1961-1970 

Br 

5 

of 

8 

(63X)-Sc 

2 

of 

8 

(25X)-Ta 

1970-1975 

6  of  7 

<86X)-Ta 

2 

of 

4 

(50X  )-Ta 

1  of  7 

(14X)-Br 

1 

of 

4 

(25X)-Ta 

1975-1980 

Ta 

7 

of 

10 

(7  OX)- Sc 

2 

of 

10 

(20X)-Ta 

Dominant  soil  per  Interval 

1951 ( 1948)— 1 96 1 

10  of  17 

(59X)-Br 

4 

of 

5 

(80X)-Sc 

5  of  17 

(29X)-Ta 

1 

of 

5 

(20X>-Ta 

2  of  17 

(12X)-Sc 

1961-1970 

9  of  16 

(56X)-Br 

4 

of 

5 

<80X)-Sc 

7  of  16 

(44X  )-Ta 

1 

of 

5 

(20X)-Ta 

1970-1975 

8  of  11 

(73X)-Br 

7 

of 

9 

(78X)-Sc 

3  of  11 

(27X)-Ta 

2 

of 

9 

(22X)-Ta 

1975-1980 

9  of  15 

(60X)-Ta 

2 

of 

3 

(66X)-Sc 

6  of  15 

(40X)-Br 

1 

of 

3 

(34X>-Te 

>  600  ft,  reach  1;  >  400  ft,  reach  2 

t  <  600  ft,  reach  1;  <  400  ft,  reach  Z 
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Table 

9.  Soils  eroded 

and 

amount  of 

recession 

per  : 

interval 

,  reach 

Well 

1951 (1948 >-1961 

1961-1970 

1970-1975 

1975 

-1980 

Recession 

Recession 

Recession 

Recession 

Nueber 

Soil** 

(ft)t 

Soils* 

(ft)t 

Soils* 

(ft)f 

Solis* 

(fe)t 

2223 

Sc.Ta 

no 

Ta 

240 

Ta 

0 

Ta 

0 

2224 

Sc 

70 

Br 

390 

Ta 

0 

Ta 

0 

2165 

Br 

120 

Ta.Br 

340 

Ta 

0 

Ta 

100 

2169 

Ta.Br 

150 

Ta,Br 

320 

Ta 

0 

Ta 

260 

2170 

Ta.Br 

100 

Ta.Br 

300 

Br 

0 

Ta.Br 

520 

2164 

Br 

40 

Br.Ta 

240 

Br.Ta 

170 

Br 

550 

2228 

Br 

10 

Br 

190 

Br 

320 

Br 

490 

2229 

Br 

0 

Ta 

100 

Ta.Br 

490 

Br 

390 

2171 

Br 

40 

Br,Ta 

70 

Ta.Br 

580 

Br.Ta 

290 

2172 

Br 

100 

Br 

10 

Br 

620 

Br.Ta 

240 

2173 

Br 

110 

Br 

0 

Br 

620 

Ta,  Br 

160 

2168 

Br 

170 

Br 

0 

Br.Ta 

530 

Ta.Br 

120 

662 

Br 

220 

Br 

30 

Br.Ta 

430 

Ta.Br 

110 

2236 

Br 

230 

Br 

70 

Ta,  Br 

320 

Ta.Br 

no 

2293 

Br 

240 

Br 

80 

Br.Ta 

270 

Ta.Br 

130 

2101 

Ta.Br 

240 

Br 

140 

Br 

170 

Br 

130 

2102 

Ta 

170 

Ta 

190 

Ta 

0 

Ta.Br 

130 

2104 

Ta 

130 

Ta 

130 

Ta 

0 

Ta 

0 

Avg  "130 

Ava  "  160 

Avg 

-  250 

Avg  -  210 

*  Soil  series  eroded  Che  aost  In  an  Interval  la  listed  first, 
t  Proa  Table  4. 


evaluate  the  erodibllity  of  a  bank  with  a  particular  soil.  This  is  especial¬ 
ly  true  when  the  soil  distribution  between  the  1951  and  1980  banklines  is  as 
complex  as  It  was  along  reach  1  (Fig.  9a).  Clearly,  different  soils  were  be¬ 
ing  eroded  during  the  intervals. 

The  following  observations  were  made  from  the  second  method.  The  Brad¬ 
way  soil  was  the  most  frequently  eroded  (Table  9)  along  six  of  the  eight 
transects  where  the  cumulative  recession  was  greater  than  800  ft,  while  Tana- 
na  soil  predominated  along  two  of  the  eight  (Table  4).  Where  600  to  800  ft 
of  cumulative  recession  was  found,  Bradway  predominated  along  three  of  five 
transects  and  Tanana  along  two.  Along  the  five  transects  with  less  than  600 
ft  cumulative  recession,  Tanana  predominated  along  four  and  Bradway  along 
one.  Within  these  three  recession  ranges  Bradway  soil  predominated  along 
nine  of  13  transects  with  more  than  600  ft  recession  and  Tanana  predominated 
along  four  of  13.  This  suggests  that  banks  with  Bradway  soil  are  more  erodi- 
ble. 

When  soils  and  recession  within  each  historical  interval  are  analyzed,  a 
more  complex  and  inconsistent  picture  results.  From  1951  to  1961,  average 
recession  was  130  ft  and  Bradway  soil  predominated  along  11  transects,  Tana¬ 
na  along  five  and  Salchaket  along  two  (Table  9),  yet  the  lowest  recession  oc¬ 
curred  in  Bradway  soil  and  the  highest  in  Tanana  and  Bradway  soils.  From 
1961  to  1970,  average  recession  was  160  ft  (Table  9)  and  Bradway  soil  predom- 
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inated  along  nine  transects  and  Tanana  along  seven,  yet  the  highest  and  low¬ 
est  recession  also  occurred  In  Bradway  soil.  From  1970  to  1975,  average  re¬ 
cession  was  250  ft  and  Bradway  soil  predominated  along  eight  transects,  and 
Tanana  along  three.  The  highest  recession  occurred  in  Bradway  soil  and  no 
recession  occurred  along  seven  transects  while  Tanana  soil  predominated. 

From  1975  to  1980,  average  recession  was  210  ft  (Table  9)  and  Tanana  soil 
predominated  along  nine  transects,  and  Bradway  along  six.  The  highest  reces¬ 
sion  occurred  in  Bradway  soil  and  no  recession  occurred  along  three  transects 
with  Tanana  soil. 

Reach  2.  The  soil  distribution  along  reach  2  (Fig.  9b)  in  the  zone 
eroded  between  1951  and  1980  is  not  as  complex  as  it  was  along  reach  1  (Fig. 
9a).  The  Salchaket  soil  < ivered  most  of  this  zone,  although  Tanana  soil  cov¬ 
ered  a  small  central  area.  Nine  wells  were  drilled  in  Salchaket  soil  (Table 
5)  and  three  in  Tanana.  None  of  the  well  sites  in  Tanana  soil  was  eroded, 
while  only  one  of  nine  sites  (well  124)  in  the  Salchaket  soil  was  eroded. 
These  results  from  the  first  method  suggest  that  neither  soil  is  appreciably 
more  erodible  than  the  other. 

The  following  observations  were  made  from  the  second  method.  Salchaket 
soil  was  eroded  along  the  two  transects  where  the  cumulative  recession  was 
greater  than  600  ft  (Table  5).  At  areas  with  between  400  and  600  ft  of  cumu¬ 
lative  recession,  Tanana  soil  was  eroded  along  one  of  two  transects  and  Sal¬ 
chaket  along  one  of  two.  Along  the  eight  transects  with  less  than  400  ft  of 
recession,  Salchaket  occurred  along  six  and  Tanana  along  two.  Since  Salchak¬ 
et  soil  occurs  along  seven  of  the  10  eroded  transects  (Table  5),  both  high 
and  low  cumulative  recession  occur  in  Salchaket  soil  only  because  it  is  more 
common  along  reach  2.  Recession  during  the  four  intervals  also  shows  incon¬ 
clusive  results. 

From  1951  to  1961,  average  recession  was  60  ft  (Table  6)  and  most  of  the 
recession  occurred  in  Salchaket  soil  (Tables  5  and  6)  while  five  transects 
with  Salchaket  soil  had  no  recession.  The  highest  recession  occurred  in 
Tanana  soil.  From  1961  to  1970,  average  recession  was  80  ft  and  the  most  re¬ 
cession  for  this  time  period  and  the  highest  recession  occurred  in  Salchaket 
soli,  while  five  transects  in  Salchaket  soil  had  no  recession.  From  1970  to 
1975,  average  recession  was  110  ft  and  Salchaket  soil  occurred  where  the  most 
and  the  highest  recession  occurred.  Salchaket  soil  also  occurred  where  there 
was  no  recession.  From  1975  to  1980,  average  recession  was  30  ft.  The  high¬ 
est  recession  and  those  transects  with  no  recession  were  in  Salchaket  soil. 
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Discussion.  Most  recession  along  reach  2  occurred  in  Salchaket  soil, 
but  recession  along  reach  1  was  primarily  In  Bradway.  Bank  recession  was 
lowest  along  reach  1  where  Salchaket  soil  occurred  and  along  reach  2  where 
Tanana  occurred.  The  average  recession  along  reach  1  per  interval  was  much 
higher  than  along  reach  2,  which  suggests  that  the  Bradway  and  Tanana  soils 
along  reach  1  are  more  erodible  than  the  Salchaket  and  Tanana  soils  along 
reach  2.  However,  this  apparent  relationship  Is  not  straightforward. 

The  main  portion  of  river  flow  shifts  (Figs.  4  and  9)  and  different 
soils  were  eroded  at  different  rates  during  the  intervals.  There  does  r.  t 
appear  to  be  a  preferential  trend  controlled  by  soli  distribution.  It  may  be 
that  the  soli  most  eroded  along  a  reach  is  simply  that  which  is  most  common 
In  the  area.  Clearly  the  Bradway  (reach  1)  and  Salchaket  soils  (reach  2)  are 
most  common. 

Most  of  the  eroded  wells  and  the  highest  cumulative  recession  (Table 
8)  along  reach  1  were  In  Bradway  soil.  The  group  of  transects  where  the  most 
recession  occurred  per  interval  was  also  in  Bradway  soil  for  three  of  the 
four  intervals.  Likewise,  the  highest  recession  per  transect  occurred  where 
Bradway  soil  was  dominant  in  three  of  the  four  intervals  (Table  8).  However, 
Bradway  soil  also  occurred  along  transects  where  the  lowest  recession  per  in¬ 
terval  was  measured. 

Along  reach  2  Salchaket  soil  is  most  common  and  occurs  in  the  only  erod¬ 
ed  well.  It  is  also  predominant  in  the  uneroded  wells  and  along  transects 
where  the  cumulative  and  per  interval  recession  are  highest  and  lowest. 
Nothing  conclusive  can  be  stated  from  these  observations.  It  is  probably 
true  that  Salchaket  soil  is  most  frequently  eroded  along  reach  2  only  because 
it  is  most  common,  not  because  it  is  more  erodible. 

In  addition,  the  portion  of  the  bank  eroded  by  the  river  includes  more 
than  just  the  upper  few  feet  where  the  soils  have  formed.  The  river  erodes 
the  entire  bank  from  the  waterline  to  the  bottom  of  the  channel.  As  previ¬ 
ously  mentioned,  the  Tanana  River  can  be  32  ft  deep  along  reach  1  (Fig.  8). 

On  6  October  1979  when  cross  section  4A  was  taken,  the  water  surface  was 
between  417  and  418  ft  msl,  equivalent  to  a  discharge  of  approximately  17,000 
cfs.  The  river  stage  and  discharge  are  generally  higher  than  these  for  five 
months  of  the  year,  from  late  April  through  September,  and  lower  for  seven 
months,  from  October  to  late  April.  Typically,  in  non-flood  conditions,  the 
high  water  level  reaches  about  423  ft  msl  when  the  suamer  discharge  peaks  be- 
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tween  70,000  and  80,000  cfs  (Burrows  et  al.  1981).  This  peak,  period  lasts 
for  approximately  two  weeks. 

The  typical  Bradway  soil  profile  extends  to  only  3  ft  (Table  7).  So 
normally  the  river  water  level  reaches  the  lower  1  to  2  ft  of  the  Bradway 
soil  profile  for  about  two  weeks  of  the  year.  During  the  rest  of  the  year, 
the  river  water  erodes  the  29  ft  of  the  bank  below  the  Bradway  soil. 

Bradway  soil  may  be  more  erodible  than  the  Tanana  or  Salchaket  soils  and 
therefore  erodes  more  rapidly  during  this  two-week  high  water  period.  How¬ 
ever,  the  evidence  is  insufficient  to  demonstrate  a  relationship  between  any 
of  the  three  soil  series  and  areas  of  erosion  along  these  reaches.  Conse¬ 
quently,  I  suspect  that  the  soils  do  not  signif iciantly  influence  the  loca¬ 
tion  or  rate  of  bank  erosion  and  bankline  recession. 


Sediments  and  permafrost 

Data  on  sediments  and  permafrost  were  available  from  maps  and  from  well 
logs.  The  map  information  was  general  and  the  log  data  were  site-specific 
and  more  reliable  in  characterizing  bank  conditions.  Consequently,  I  ana¬ 
lyzed  the  site-specific  well  logs  more  thoroughly  than  the  maps.  However,  as 
mentioned  previously,  the  logs  do  not  generally  show  the  sediment  and  perma¬ 
frost  characteristics  in  the  eroded  zone  unless  the  well  site  was  eroded.  I 
assumed  that  the  well  site  data  were  representative  of  the  sediments  and  per¬ 
mafrost  along  the  transects  through  a  well. 

The  Tanana  River  lowland  was  unglaciated  but  contains  several  hundred 
feet  of  glacially  fed  river  silt,  sand  and  gravel  deposits  called  the  Chena 
alluvium.  The  alluvium  consists  of  well-stratified  sands  and  gravels  (Qc) 
and  swale  and  slough  deposits  (Qcs)  (Fig.  11).  Since  Illinoian  time  these 
deposits  have  been  modified  by  alternating  periods  of  deposition  and  erosion, 
with  the  formation  and  destruction  of  permafrost.  The  next  three  paragraphs, 
summarized  from  Pewe  et  al.  (1976)  and  Pewe  and  Bell  (1974,  1976a,  b,  c) , 
give  a  brief  description  of  the  Tanana  sediments  in  this  area. 

The  Qc  sands  and  gravels  are  usually  10  to  400  ft  thick,  with  well- 
stratified  and  unconsolidated  sands  in  rounded  gravels,  1/4  to  3  in.  in  diam¬ 
eter.  Gray  silts  and  clays,  <  15  ft  thick,  overlay  the  sands  and  gravels. 
Permafrost,  2  to  275  ft  thick,  occurs  locally.  Ice  content  of  the  permafrost 
is  usually  low  and  restricted  to  pore  spaces  and  thin  seams  (<1/16  in.)  in 
the  silts  and  clays. 

The  Qcs  swale  and  slough  deposits  are  poorly  stratified,  unconsolidated, 
angular  to  subrounded  silts  and  silty  sands  usually  less  than  15  ft  thick, 


<  o 

h- 

O' 


Q) 


C  0) 

to  vD  c  X 

f->»  -P  AJ 

<1)  O' 

f-4  — •  P 
CO  to 

>  •  A 

(0  H  iJ 
CO 

*rj  O 


<0  <y 

u 

'  <u  <0 
u  5  *p 

O'  'QJ  ^ 

^  d-  e 


■8 

u 

<1) 

*o 

*»-( 

to 

e 

o 

u 

0J 

p 

a) 

5 


9j  e  to 

o 

a>  p  to  to 

>  4J*H  0) 

CO  >-✓  C 
P  -a  *p 
bC  G  C 

*rl  tH  d 
^  >  tO  CO 
OJZS> 
d. 

CO  O 
to  P  » 
t»C  P 
(0  O 
d  p  a> 
<u  o  jd 
(D  P 

.cop. 

p  * 

a>  vO  ® 
p  so  p 


O  P  O' 


O  O  d  <0 
•H  o  C 
P  /-N  CO 

3  to  d 

*o  U?  to 

•H  O'  o  *p 

u  ^  & 

p  CO  P 

to  to 

•H  P  CO 
G  *P  cO 
CO 

O  CO 
•  Cu  *r« 

*-«  0)  • 

«-H  ^  0) 

C  -O' 

<V  ^ 

^  bOH  • 

a  a  w) 

b0  O  P  t* 

•H  rl  O  (h 

fp  to  jz 


p 

o 

d- 


n 


although  they  are  up  to  30  ft  locally.  These  slits  and  sands  are  fairly  well 
sorted  and  contain  organic  material  and  10  to  30%  clay.  Permafrost  occurs 
locally  with  ice  contents  that  vary  from  moderate,  with  ice  restricted  to 
pore  spaces  and  seams  1/16  to  >1/4  in.  thick,  to  high,  with  large  ice  masses. 

Other  than  the  dominant  sediment  particle  size  and  sediment  layer  thick¬ 
ness  of  the  overlying  the  sands  and  gravels,  there  is  little  substantial  dif¬ 
ference  between  Qc  and  Qcs .  Drainage  is  usually  better  in  Qc,  but  both  are 
subject  to  flooding  (Table  10).  The  depth  of  the  permafrost  is  usually 
greater  in  Qc  and  the  seasonal  frost  layer  is  2  to  9  ft  thick.  The  depth  of 
permafrost  is  1.5  to  4  ft  in  Qcs.  The  ice  content  in  the  permafrost  is  low 
to  moderate  in  Qc  and  moderate  to  high  in  Qcs .  The  water  table  is  10  to  15 
ft  in  both  units.  The  silts  of  Qc  are  moderately  to  highly  susceptible  to 
frost  action,  while  Qc3  is  highly  susceptible.  Both  units  have  high  bearing 
strength  when  frozen,  but  low  strength  when  thawed.  Thawed  Qc  silts  are 
poorly  drained.  Slopes  in  Qc  usually  are  steeper  because  Qc„  sediments 
slough  and  slide  easily  when  thawed. 

Reach  1 .  Sediments  -  General:  Thirteen  wells  were  drilled  in  Qc  and 
five  in  QC8  (Table  2).  Six  of  the  eight  eroded  sites  were  in  Qc,  while  two 
were  in  Qcs  (Table  11).  Seven  of  the  10  uneroded  well  sites  were  also  in  Qc, 
and  three  were  in  Qcs .  These  results  are  not  conclusive.  The  percentages  of 
wells  eroded  and  uneroded  in  each  unit  are  about  equal.  Possibly  Qc  may  be 
more  common  than  Qcs  along  reach  1  (see  Fig.  11). 

The  following  observations  are  based  on  the  transect  method  of  analysis. 
Qc  sediments  were  more  common  than,  or  equal  to,  Qcg  sediment  along  transects 
where  cumulative  recession  was  greater  than  800  ft  (Table  2),  Qc  dominated 
along  all  transects  with  600  to  800  ft  of  cumulative  recession.  The  tran¬ 
sects  where  recession  was  less  than  600  ft  were  also  through  predominantly  Qc 
sediments.  Thus  these  results  are  also  inconclusive.  The  highest  and  lowest 
cumulative  recession  occurred  where  qc  predominated.  The  results  from  the 
comparisons  of  recession  by  interval  are  no  more  definitive. 

From  1966  to  1975,  recession  along  10  of  11  transects  (Table  4)  occurred 
in  predominantly  Qc  sediments  (Figs.  4  and  11),  no  recession  occurred  along 
six  transects  where  Qc  also  predominated,  and  the  highest  recession  occurred 
in  Qcs  sediment.  From  1975  to  1980,  more  erosion  occurred  along  11  of  15 
transects  in  Qc  and  four  of  15  through  Qcs  and  no  recession  occurred  along 
three  transects  also  in  Qc.  Thus  these  comparisons  using  Qc  and  Qcs  data 
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Table  A2.  USCS  for  coarse-grained  sediments.  (Krom  Mathewson  1981. 
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The  USCS  sediment  classes,  as  generally  defined,  are  not  sufficiently 
dissimilar  and  do  not  give  enough  detailed  sediment  information  to  allow 
evaluation  of  differences  in  the  sediment  that  may  influence  bank  credibili¬ 
ty.  Permafrost  occurrences  are  about  equal  in  eroded  and  uneroded  sites,  al¬ 
though  it  appears  that  recession  can  be  higher  where  permafrost  is  common 
than  where  it  is  absent. 

Because  most  of  the  results  from  the  comparative  analysis  were  inconclu¬ 
sive  and  because  the  surface  sediments  are  so  similar  and  the  soils  and  vege¬ 
tation  root  zones  occur  in  only  the  upper  few  feet  of  the  banks,  the  hydraul¬ 
ic  forces  of  the  river  water  (i.e.  the  distribution  of  currents,  current  ve¬ 
locities  and  meandering  patterns),  are  almost  certainly  the  predominant  ero¬ 
sion  factors.  For  most  of  the  year,  the  river  erodes  a  bank  zone  well  below 
the  upper  few  feet  of  the  bank,  and  the  similar  sediments,  soils  and  vegeta¬ 
tion  do  not  act  as  significant  controlling  factors  of  bank  erosion. 

I  conclude  that  available  data  cannot  be  used  to  anticipate  where  future 
erosion  may  occur.  A  systematic  field  study  of  bank  characteristics  and  ero¬ 
sion  processes  would  be  required  to  evaluate  possible  relationships  among 
vegetation,  bank  sediment,  permafrost,  and  erosion. 
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reach  1  at  a  steeper  angle  from  1948  to  1980  than  It  did  along  reach  2,  and 
therefore  the  erosive  forces  of  the  flow  would  be  much  higher.  This  Is  es¬ 
pecially  true  along  reach  1  from  1970  to  1980. 

The  sediment  data  for  the  two  reaches  are  similar.  The  lack  of  any  con¬ 
sistent  relationships  between  sediments  and  recession  suggests  that  the  sedi¬ 
ments  do  not  influence  bank  erodlblllty  enough  to  be  detectable  with  the 
available  data. 

SUMMARY  AND  CONCLUSIONS 

Available  data  on  vegetation,  soils,  sediments  and  permafrost  were  com¬ 
pared  to  the  locations  and  amounts  of  historical  bank  recession  southeast  of 
the  Fairbanks  International  Airport.  I  found  only  Inconclusive  relationships 
between  these  data  and  the  recession. 

The  differences  in  the  vegetation  units  do  not  appear  to  be  great,  since 
each  tree  species  of  a  given  unit  occurs  In  two  other  units  found  along  the 
reaches.  No  vegetation  unit  occurred  consistently  In  eroded  areas.  Cumula¬ 
tive  recession  data  suggest  that  unit  2  vegetation  Is  found  where  most  reces¬ 
sion  occurs  and  unit  9  where  It  least  occurs.  However,  recession  measured 
during  historical  intervals  does  not  relate  in  any  consistent  way  to  avail¬ 
able  vegetation  units. 

The  Bradway  soils  that  were  eroded  along  reach  1  were  absent  in  the 
eroded  zone  along  reach  2.  The  Salchaket  soils,  eroded  least  along  reach  1, 
were  eroded  most  along  reach  2.  Along  both  reaches,  Tanana  soil  was  general¬ 
ly  eroded  the  least.  But  any  relationship  between  soils  and  bank  recession 
Is  questionable.  The  soil  only  covers  the  upper  2  to  4  ft  of  the  bank  and 
the  river  erodes  down  to  32  ft  along  reach  1  and  18  ft  along  reach  2. 

I  suspect  that  apparent  relationships  between  high  recession  and  Bradway 
soil  along  reach  1  and  Salchaket  soli  along  reach  2  result  from  the  fact  that 
these  two  soils  dominate  along  the  respective  reaches  and  are  simply  eroded 
more  frequently  than  the  others. 

Along  the  two  reaches,  the  sediments  are  similar  in  the  eroded  and  un¬ 
eroded  wells  and  along  transects  with  high  and  low  recession.  Sediments  in 
the  groups  of  eroded  and  uneroded  wells  are  similar  within  and  between  the 
groups.  As  with  the  soils  data,  many  of  the  apparent  relationships  were 
probably  a  result  of  one  sediment  type  being  dominant  along  the  reaches  and 
not  due  to  real  differences  in  oank  erodibility. 
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were  nearer  the  surface  in  well  124  (Fig.  14)  than  in  the  uneroded  well  39 
(which  was  drilled  in  the  river  channel).  Nothing  conclusive  can  be  said 
based  on  data  from  one  eroded  well,  but  I  do  not  think  that  a  bank  with  grav¬ 
el  near  the  surface  will  necessarily  be  more  erodible  than  a  bank  with  gravel 
below  the  surface. 

I  made  the  following  observations  based  on  recession  measurements  and 
the  well  sediment  data.  Cumulative  recession  both  greater  and  less  than  400 
ft  occurred  most  frequently  where  ML  predominated  along  the  transect  (Table 
11).  ML  also  was  most  common  along  the  transects  within  the  group  where  most 
recession  occurred  and  along  the  highest  recession  transect  during  the  four 
intervals.  However,  ML  predominated  where  the  lowest  recession  occurred. 

The  dominant  sediment  was  ML  along  the  transects  where  recession  was  measured 
in  each  interval.  There  is  very  little  difference  between  the  sediment  in 
the  wells  having  the  highest  and  lowest  recession. 

These  results  are  inconclusive.  It  may  be  that  ML  is  simply  the  most 
common  sediment  along  the  reach,  and  since  the  sediments  are  not  different 
enough  to  affect  bank  erodibility,  ML  occurs  where  recession  is  highest  and 
lowest.  As  along  reach  1,  the  sediments  along  reach  2  are  also  similar  and 
do  not  show  sufficient  differences  to  be  useful  in  trying  to  explain  if  a 
particular  bank  location  is  more  or  less  erodible  than  another. 

Permafrost:  Permafrost  was  not  encountered  in  any  of  the  wells  along 
reach  2.  Comparisons  between  sites  with  and  without  permafrost  could  not  be 
made. 

Discussion.  Comparisons  of  the  apparent  erodibility  of  Qc  and  Qcs  sedi¬ 
ments  and  of  bank  sites  with  or  without  permafrost  between  reaches  1  and  2 
could  not  be  made  because  Qcs  sediment  and  permafrost  did  not  occur  along 
reach  2.  The  well  data  (Figs.  12  and  14)  for  the  two  reaches  suggest  that 
the  sediments  along  reach  1  are  more  variable  than  those  along  reach  2.  Also 
the  sediments  along  reach  l  are  generally  coarser,  although  this  may  simply 
reflect  the  fact  that  the  reach  2  wells  were  shallower  and  did  not  get  into 
the  coarser  sediment  as  frequently.  Visually  comparing  the  logs  in  the  upper 
13  ft  substantiates  this. 

Based  on  the  available  cross  sections,  the  river  eroded  about  18  ft  of 
the  north  bank  along  reach  2  and  32  ft  along  reach  1.  Since  more  sands  and 
gravels  were  eroded  along  reach  1,  this  may  help  explain  the  higher  average 
recessions  along  reach  1  (Tables  4  and  5).  This  may  also  be  explained  by  the 
river's  angle  of  attack  along  the  two  reaches.  The  river  hit  the  bank  at 
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elusive  can  be  said  about  the  erodibility  of  sediments  in  well  124  compared 
to  those  in  the  adjacent  uneroded  wells. 

Sediments  -  Site-Specific:  Thirteen  well  logs  (Fig.  14)  along  reach  2 
were  analyzed.  I  used  three  October  1979  cross  sections  (Fig.  8)  to  deter¬ 
mine  the  depth  of  the  north  bank  that  could  be  eroded  by  the  river.  Earlier 

cross  sections  were  not  available.  This  depth  varies  from  west  to  east:  13 
ft  (417  to  430  ft  msl)  along  7A,  15  ft  (418  to  433  ft  msl)  along  8A,  and  12 

ft  (421  to  433  ft  msl)  along  X9.  The  sediment  sizes  increase  with  depth  in 

the  zone  from  417  to  435  ft  msl  (Table  A8) . 

Generally  the  upper  10  ft  of  the  bank  are  peat  (PT)  and  inorganic  silts 
(ML),  while  the  lower  part  is  silty  to  gravelly  sands  (SM  to  SP)  and  sandy  to 
clean  gravels  (GP-GW)  (Table  A8).  The  silts  have  low  permeability  and  shear 
strength  and  high  compressibility  (Table  A3).  The  sands  have  low  to  high 
permeability,  raediun  to  high  shear  strength  and  medium  to  low  compressibili¬ 
ty.  The  gravels  are  highly  permeable,  have  high  shear  strength  and  low  com¬ 
pressibility. 

The  most  common  sediment  class  in  the  one  eroded  well  was  GW,  while  ML 
and  PT  were  secondary  (Table  11).  ML  dominated  in  10  of  the  12  uneroded  well 
sites,  suggesting  that  the  larger  sediments  along  reach  2  may  be  more  erodi- 
ble. 

The  sediment  in  the  eroded  well  (Table  A9;  Fig.  15)  had  a  higher  percen¬ 
tage  of  gravels  than  that  in  the  uneroded  wells  (Table  A10),  These  gravels 


Figure  15.  Sediments  in  eroded  and  uneroded  wells, 
reach  2. 
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above  422  ft  msl,  which  is  above  the  portion  of  the  bank  affected  by  the 
river  for  most  of  the  year. 

A  comparison  of  eroded  and  uneroded  wells  in  regard  to  permafrost  occur¬ 
rence  gives  the  following  observations.  In  the  eight  eroded  wells  (Tables  2 
and  11),  five  (2165,  2169,  2170,  2164  and  2228)  had  only  seasonal  frost  to  a 
depth  of  2.5  ft  and  three  wells  (2229,  2171,  and  2101)  had  permafrost  up  to  a 
depth  of  0-28  ft.  In  the  10  uneroded  wells,  five  (2172,  2168,  2293,  2102  and 
2104)  had  permafrost  that  was  up  to  50  ft  deep.  Most  of  the  permafrost  in 
uneroded  well  2168  was  below  the  32-ft  erosion  zone  (Fig.  12).  Five  uneroded 
wells  and  three  eroded  wells  had  permafrost  within  the  erosion  zone.  This 
suggests  that  the  presence  of  permafrost  cannot  be  used  to  predict  where  bank 
erosion  may  occur. 

Permafrost  occurred  along  5  of  13  (38%)  transects  where  cumulative  re¬ 
cession  was  greater  than  600  ft  (Table  11).  Two  of  five  (40%)  transects  in 
that  part  of  the  reach  where  recession  was  less  than  600  ft  had  permafrost. 
The  similarity  of  these  percentages  also  suggests  that  permafrost  may  not  af¬ 
fect  bank  erosion.  This  is  speculative,  however,  considering  the  previously 
mentioned  shortcomings  of  the  available  data. 

Permafrost  predominated  along  transects  where  the  most  recession  oc¬ 
curred  during  two  intervals,  yet  from  1961  to  1970  none  of  the  transects  in 
the  high-recession  group  had  permafrost  (Table  11).  Along  the  transects 
where  recession  was  highest  or  lowest  during  an  interval,  permafrost  was  pre¬ 
sent  about  as  frequently  as  it  was  absent  (Table  11). 

Permafrost  was  absent  more  often  than  it  was  present  along  transects 
where  recession  occurred  during  each  interval  except  during  the  1970-1975  in¬ 
terval.  Recession  during  this  interval  was  250  ft,  the  highest  of  the  four 
intervals  (Table  4).  This  suggests  that  more  recession  may  occur  where  per¬ 
mafrost  is  common  along  a  bank. 

Reach  2.  Sediments  -  General:  The  Qcg  sediments  do  not  occur  along 
reach  2  within  the  area  of  the  bank  eroded  from  1966  to  1980.  So  it  is  im¬ 
possible  to  speculate  about  the  comparative  erodibility  of  these  units  along 
reach  2. 

Only  well  124  was  eroded  from  1970  to  1980  (Table  5)  and  its  measured 
recession  was  variable.  From  1970  to  1975  the  bank  near  well  124  receded  260 
ft  but  it  did  not  recede  at  all  from  1975  to  1980  (Table  6).  While  the  banks 
adjacent  to  uneroded  wells  651  and  33  receded  in  both  intervals,  nothing  con- 
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sediments  at  the  same  levels  in  the  uneroded  wells,  which  seems  contrary  to 
what  would  be  expected. 

Clean  to  sandy  gravels  (GP)  are  the  predominant  sediments  in  four  of 
eight  eroded  wells  and  one  of  10  uneroded  wells  (Table  2).  Silty  to  gravelly 
sands  (SM-SP)  predominate  in  three  of  the  eroded  and  six  of  the  uneroded 
wells.  Inorganic  silts  (ML)  are  dominant  in  one  of  the  eroded  and  three  of 
the  uneroded  wells.  This  suggests  that  wells  with  finer-grained  sediments  in 
the  column  are  more  stable  than  those  with  coarser  sediments. 

The  highest  cumulative  recession  (>600  ft)  occurred  along  13  transects 
through  wells  2170  to  662  (Table  2).  Silty  to  gravelly  sands  (SM-SP)  domi¬ 
nated  along  seven  clean  to  sandy  gravels  (GP)  along  three,  and  inorganic 
silts  (ML)  along  three.  Cumulative  recession  less  than  600  ft  occurred  along 
five  transects.  The  dominant  sediment  was  SM-SP  along  two,  GP  along  two  and 
ML  along  one.  The  lowest  and  highest  cumulative  recession  occurred  in  wells 
with  very  similar  sediments  (Table  2). 

The  analysis  of  the  interval  recession  produced  the  following  results. 
The  transects  with  most  recession  had  predominantly  SM  and  SP  or  GP  sediments 
(Table  2).  Each  sediment  class  was  dominant  during  two  intervals.  The  in¬ 
tervals  with  the  highest  and  lowest  average  recession  (Table  3)  had  similar 
sediments  along  the  group  of  transects  where  the  most  recession  occurred. 

The  sediment  along  the  transect  with  the  highest  recession  during  two 
Intervals  was  GP,  while  it  was  ML  and  SM  during  one  (Table  11).  The  same 
classes  were  also  dominant  along  transects  with  the  lowest  recession  during 
various  intervals.  The  dominant  sediments  In  every  Interval  were  SP  and  SM, 
and  in  decreasing  order,  GP  and  ML  (Table  11).  Even  though  the  average  re¬ 
cession  varied  per  interval  (Table  4)  no  obvious  major  difference  was  dis¬ 
cernible  from  the  available  sediment  data.  This  suggests  that  either  these 
data  cannot  be  used  for  defining  bank  sediment  differences  sufficiently  to 
evaluate  their  erodibility  or  that  the  sediments  are  similar  enough  that  they 
do  not  influence  erosion  preferentially  in  any  way. 

Permafrost:  The  distribution  of  frozen  ground  detected  in  the  wells 
does  not  show  any  relationship  to  the  location  of  the  eroding  bank.  The 
deepest  frozen  ground  is  at  well  2168  (Fig.  12).  Most  of  the  frozen  ground 
deep  enough  to  be  eroded  by  the  river  was  located  in  wells  2104,  2102,  2101, 
2293,  2172,  2171,  and  2229.  The  zone  of  most  recession  (wells  2169  to  2101) 
has  frozen  ground  that  is  variable;  for  example,  2171  was  frozen  to  about  28 
ft  and  2173  was  unfrozen.  At  most  of  the  other  wells,  frozen  ground  is  found 
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produced  Inconclusive  results  and  the  comparisons  using  the  site-specific 
well  log  data  were  equally  Inconclusive. 

Sediments  -  Site-Specific:  Sediment  data  (Table  A5)  obtained  from  18 
well  logs  (Fig.  12)  show  the  following.  Generally  along  reach  1,  the  upper 
15  ft  of  the  bank  (410  to  425  msl)  Is  predominantly  composed  of  silts  and 
fine  sands  (ML,  Table  Al)  near  the  surface  (Table  A5)  with  silty  sands  (SM) 
and  gravelly  sands  (SP)  at  depth.  The  silts  and  fine  sands  have  low  perme¬ 
ability  and  shear  strength  and  high  compressibility  (Table  A3).  The  silty 
sands  have  low  to  medium  permeability  and  medium  shear  strength  and  compres¬ 
sibility.  Gravelly  sands  are  highly  permeable,  having  high  shear  strength 
and  low  compressibility.  Below  410  msl  (Table  A5) ,  most  of  the  bank  sediment 
is  poorly  graded  sand  or  gravelly  sands  (SP)  and  clean  gravels  (GP). 

The  GP  gravel  has  very  high  permeability,  high  shear  strength  and  low  com¬ 
pressibility. 

The  sediments  in  the  group  of  eight  eroded  wells  (Table  A6)  and  in  the 
group  of  10  uneroded  wells  (Table  A7)  are  similar  to  those  along  the  reach  as 
a  whole  (Table  A5)  and  are  similar  to  each  other  (Fig.  13).  In  most  of  the 
classes  within  the  seven  depth  intervals  (Fig.  13),  the  difference  between 
the  groups  of  eroded  and  uneroded  wells  was  in  the  percentage  of  a  particular 
class,  and  the  dominant  sediment  class  in  the  eroded  and  uneroded  wells  wes 
the  same  at  four  of  the  seven  levels.  In  the  430-  to  425-ft  interval  there 
was  only  one  well  (Fig.  13).  The  dominant  sediment,  SM  and  GP,  at  two  of  the 
three  remaining  levels  in  the  eroded  wells  had  higher  shear  strength  than  the 
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Figure  13.  Sediments  in  eroded  and  uneroded  wells, 
reach  1. 
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Figure  12.  Well  logs,  reach  1;  stipled  areas  were  frozen  when  drilled 


Table  11 


Summarized  results  of  the  sediments  and  permafrost  analysis 


Analytical 

Method 


_ Reach  1 _ 

Qc  vs  Qcs  Well  Log  Data**  Permafrost 


Reach  2tt 
Well  Log  Data** 


Method  1 


Rroded  wells 

6  of  8  (75Z)-QC 

2  of  8  (2  5Z)-QCB 

4  of  8  (50Z)-CP 

3  of  8  (38Z)-SM,SP 

1  of  8  ( 1 2X)-ML 

5  of 
3  of 
3  of 

8  (62X)-No 

3  (38Z)-Yes 

8  (38Z)-Yes 

1  of  1  (50X)-CW 

Uneroded  wells 

7  of  10  (70X)-QC 

6  of  10  (60Z)-SM,SP 

5  of 

10  (50X)-No 

10  of  12  (84X)— ML 

3  of  10  (30t)-Qcg 

3  of  10  (30Z )-ML 
t  of  10  (10Z)-GP 

5  of 

10  (50Z)-Yes 

1  of  12  (8Z)-GP 

1  of  12  (8Z)-SP 

Method  2 

Cumulative 

13  of  13  (100Z )-Qc 

7  of  13  (54X)-SM,SP 

8  of 

13  (62Z  )-No 

3  of  4  (7  5X)-ML 

recession* 

3  of  13  (23X)-GP 

3  of  13  (23Z)-ML 

5  of 

13  (38Z)-Yes 

1  of  4  (2SZ)-SP 

Cumulative 

5  of  5  (100X)-QC 

2  of  5  (40Z)-SM,SP 

3  of 

5  (60Z)-N o 

7  of  9  (7  8Z)-ML 

recession? 

Transects  with  Most  Recession 

2  of  5  (40)— GP 

1  of  5  (20Z>  i 

3  of 

5  (40X)-Yea 

2  of  9  (22Z)-GP,GW 

1948-1961 

No  data 

3  of  6  (50Z)-SM,SP 

3  of  6  (50Z)-ML 

4  of 

6  (66Z)-Yes 

2  of  2  (100Z)-ML 

1961-1966(1970) 

No  data 

4  of  7  (5  ?Z)-GP 

3  of  7  (43Z)-SP,SM 

7  of 

7  (100Z)-No 

1  of  2  (50X)-SP 

1  of  2  (50Z )— ML 

1966(1970)-1975 

7  of  8  (88X)-QC 

5  of  9  (56Z)-SP,SM 

2  of  9  (22Z)-GP 

2  of  9  (22Z )-ML 

5  of 

9  (56Z)-Yes 

3  of  4  (7  5Z)— ML 

1  of  4  (25Z)-GW 

1975-1980  5  of  7  (71Z)-QC 

Transect  With  Highest  Recession 

3  of  7  (43X)-GP 

3  of  7  (43X)-SP,SM 

1  of  7  (14Z)-ML 

4  of 

7  (5  7Z)-No 

2  of  3  (66X)-ML 

1  or  3  (34Z)-SP 

1948-1961 

No  data 

97Z-ML 

Tes 

45Z-ML 

1961-1966(1970) 

1966(1970M975 

No  data 

Qc 

50X-GP 

64Z-SM 

No,  1 

[  of  2  (50Z )-Yes 

56Z-ML 

1  of  2  (50Z)-€W 

1  of  2  (50Z)— ML 

1975-1980  Qc 

Transects  with  Lowest  Recession 

41Z-GP 

No 

59Z-SP 

1948-1961 

No  data 

66Z-GP 

Yes 

6  of  8  (75X)-ML 

1  of  8  (13Z)-SP 

1  of  8  (13Z)-GP 

1961-1966(1970) 

No  data 

64X-SM 

6LZ-SP/SM 

1  of 

2  (50Z)-Yes 

6  of  8  (75Z)-ML 

2  of  8  (25Z)-GP,GW 

1966( 1970)-1975 

6  of  7  (86ZH3C 

1  of  7  (14ZHJce 

4  of  7  (5  7Z)-SM,SP 

2  of  7  (29Z)-GP 

1  of  7  (14Z  )-ML 

5  of 

7  (7 lZ)-No 

3  of  4  (7 5X)-ML 

1  of  4  (25Z)-GP 

1975-1980 

Dosdnant  Sediment 

3  of  3  (100XH)C 

Per  Interval 

2  of  3  (66Z)-SM,SP 

1  of  3  (34Z)-GP 

2  of 

3  (66X)-No 

8  of  10  (80Z)-ML 

2  of  10  (20Z)— GW  ,GP 

1948-1961 

No  data 

9  of  17  (53X)-SP,SM 

4  of  17  (24Z)-GP 

4  of  17  (24Z)-ML 

10  of  17  (59X)-No 

4  of  5  (80Z)-ML 

1  o  5  (20X)-CW 

1961-1966(1970) 

No  data 

7  of  16  (44X)-SP,SM 

5  of  16  (31X)-GP 

4  of  16  C2  SX  >— ML 

9  of 

16  (56Z )-No 

4  of  5  (80Z  )-ML 

1  of  5  (20X)-SP 

1966(1970)-1975 

10  of  11  (91X)-QC 

1  of  11  (9ZH)C, 

5  of  11  (46Z)-SP,SM 

3  of  11  (27X)-GP 

3  of  11  (27Z)-ML 

6  of 

11  (55X)-Yes 

7  of  9  (7  8Z)-ML 

1  of  9  (UZ)-GW 

1  of  9  (UX)-SP 

1975-1980 

11  of  15  (73ZH)C 

4  of  15  (27Z)-QC, 

7  of  15  (46Z)-SP,SM 

4  of  15  (27Z)-GP 

4  of  15  (27Z7-ML 

6  of 

15  (53Z)-No 

2  of  3  (66XV-ML 

1  of  3  (34Z)-SP 

*  >600  ft.  Reach  1;  >*00  ft,  Reach  2 
t  <600  ft,  bach  1;  <600  ft,  bach  2 
**  Dominant  sediment  class 

tt  bach  2  had  only  Qc  and  no  permafrost  reported  In  the  well  logs,  so  no  comparisons  could  be  made 
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Table 

(From 


A3.  Sediment  properties  based  on  the  USCS. 
Mathewson  1981.) 


Unified  Soil 
Classification 

Permeability* 

Shear  Strength* 

Compressibility* 

GW 

High 

Very  high 

Very  low 

GP 

Very  high 

High 

Low 

GM 

Low  to  medium 

High 

Low 

GC 

Very  low  to  medium 

Medium 

Medium 

SW 

High 

Very  high 

Very  low 

SP 

High 

High 

Low 

SM 

Low  to  medium 

Medium 

Medium 

SC 

Very  low  to  low 

Low 

High 

ML 

l.OA/ 

Low 

High 

MH 

Very  low  to  low 

Very  low 

Very  high 

CL 

Low 

Very  low 

Very  high 

CH 

Very  low 

Very  low 

Very  high 

‘Determined  on  compacted,  saturated  sample*. 
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Table  A4 .  Grain  size  scales  for  sediments.  (From  Folk  1968.) 


U.S.  Standard 
Sieve  Mesh  # 


Uae  — 
wire  — 
squares 

5 

6 

7 

8 

12 

14 

16 

_  18 - 

20 

25 

30 

_  55 - 

4o 

45 

50 

.  6o  - 

70 

8o 

100 

.  120  - 

140 

170 

200 

230  - 


Millimeters 

4096 

1024 

-  256  - 

- 64  - 

16 

3.36 

2.83 

2.38 

l!68 

1.4l 

1.19 

-  1.00  — 

0.84 

0.71 

0.59 

1/2  —  0.50  — 
0.42 
0.35 
0.30 

1/4 - 0.25  — 

0.210 

0.177 

0.149 

1/8 —  0.125  - 
0.105 
0.088 
0.074 

./16  —  0.0625' 

0.053 

0.044 

0.037 


Microns  Phi  (0)  Wentworth  Size  Class 


Analyzed 

h  — 

Pipette 

or 

Hydrometer 


■500  — 
420 
350 
300 

■250  — 
210 
177 
149 
125  - 
105 
88 
74 

•  62.5' 

53 

44 
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-12 

-10 

-  8  — 
-6  — 
-4 

-2  — 

-1.75 
-1.5 
-1.25 
-1.0  - 
-0.75 
-0.5 
-O.25 
0.0  - 
0.25 
0.5 

0.75 
■  l'.O 

1.25 

1.5 

1.75 

•  2.0  ■ 

2.25 

2.5 

2.75 
3.0 

3.25 
3-5 
3-75 

•  4.0 

4.25 
it. 5 

4.75 


1/32“ 

0.031  - 

-  31  - 

-  5.0 

1/64 

0.0156 

15.6 

6.0 

1/128 

0.0078 

7.8 

7.0 

1/256 

0.0039  - 

—  3.9  - 

—  8.0 

0.0020 

2.0 

9.0 

0.00098 

0.98 

10.0 

0.00049 

0.49 

11.0 

0.00024 

0.24 

12.0 

0.00012 

0.12 

13.0 

0.00006 

0.06 

14.0 

Boulder  ( -8  to  -120) 
Cobble  (-6  to  -60) 
Pebble  (-2  to  -60) 

Granule 


Very  coarse  sand 


Coarse  sand 


Medium  Band 


Fine  sand 


Very  fine  sand 


Coarse  silt 

Medium  silt 
Fine  silt 
Very  fine  silt 


IW  U  D  I  S  A  N  D  I  GRAVEL 


Table  A5.  General  sediment  distribution,  within  the  32-ft  deep  erosion  zone, 
reach  1  (data  from  Figure  12). 


El evatlon 
Intervals 
(ft) 

Total 

Footage 

Number 

of 

Wells 

PT  0L 

ML 

SM 

SP 

CM  GP 

Tot.  ft.  Tot.  ft. 
(X)  (X) 

Tot.  ft. 

(X) 

Tot.  ft. 

(X) 

Tot.  ft. 

(X) 

Tot.  ft.  Tot.  ft. 
(X)  (X) 

430-425 

1 

, 

.5  (50) 

.5  (50) 

- 1.7  (2) - , 

,5  (1) - 

425-420 

85 

18 

3.5  (4)  8.4  (10) 

52.5  (62) 

7.9  (9) 

10.5  (12) 

4  20-415 

90 

18 

1.2  (1) 

36.8  (41) 

29.7  (33) 

11.6  (13) 

6.1  (7)  3.1  (3) 

- 1.6 

(2) - 

415-410 

89 

17 

12.5  (14) 

29.9  (33) 

10  (ID 

8.5  (10)  15.3  (17) 

- 10.6 

(12) - 

- 2.2  (3) - 

410-405 

71 

16 

1  (1) 

13.5  (19) 

10.8  (15) 

.6  (1)  30.1  (42) 

- 10 

(14) - 

- 5  (7) - 

405-400 

57 

12 

4.8  (8) 

13.2  (23) 

25.6  (45) 

- 8.9 

(15) - 

- 5  (9) - 

4  00-395 

54 

11 

25.4  (47) 

19.5  (36) 

- 5.6 

(11) - 

- 3  (6) - 

395-390 

30 

6 

30  (100) 

Table  A6.  Sediments  in  the  group  of  eight  eroded  wells,  reach  1 
(data  from  Figure  12). 


Elevation 

Intervals 

(ft) 

Total 

Footage 

Nun  her 
of 

Walla 

PT  0L 

ML 

SM 

SP 

GM 

GP 

Tot.  ft.  Tot.  ft, 

(*).  _.(»). 

Tot.  ft. 

<*> 

Tot.  ft. 

(X) 

Tot.  ttl 

_  CX)  _ 

Tot.  ft. 

_  <%) 

Tot.  ft. 
(X  )  _ 

430-425 

0 

0 

425-420 

39 

8 

1.4  (4)  4.5  (11) 

24.7  (63) 

6.5  (17) 

- 1.7  (5) - 

420-415 

40 

8 

16.2  (40) 

18  (45) 

4.5  (11) 

- 1.3  (3) - 

415-410 

40 

7 

5  (13) 

12.8  (32) 

5  (1) 

3  (7) 

13.7  (34) 

- “2 . 7 

(7) - 

2 

.3  (6) - 

410-405 

34 

8 

1  (3) 

3  (9) 

5.8  (17) 

.8  (2) 

13.6  (40) 

- 5  (15) - 

- 5 

(15) - 

405-400 

30 

6 

8  (28) 

13.6  (45) 

- 3.4  (11) - 

■  -  ■ n" 5 

(17) - 

400-395 

29.5 

6 

14  (4  7) 

9.9  (34) 

- 2.6  (9) - 

- - 3 

(10) - 

395-390 

20 

4 

20  (100) 

51 


Table  A7 .  Sediments  in  the  group  of  10  uneroded  wells,  reach  1  (data  from 
Figure  12). 


elevation 

Intervals 

(ft) 

Total 

Foot  age 

Number 

of 

Wells 

FT 

01 

KL 

SM 

SP 

CM 

GP 

Tot.  ft. 
(X) 

Tot.  ft. 

(X) 

Tot.  ft. 

(X) 

Tot.  ft. 

(X) 

Tot.  ft. 

(X) 

Tot.  ft. 
(X) 

Tot.  ft. 
(X) 

4  JO-425 

1 

l 

.5  (50) 

.5  (50) 

425-420 

46 

10 

2  (4) 

3.8  (8) 

27.8  (60) 

1.4  (3) 

10.5  (23) 

- .5  (1)  - 

420-415 

50 

10 

1.1  (2) 

20.5  (41) 

11.7  (23) 

7.1  (14) 

6.1  (12) 

3.1  (6) 

- .3 

(  1  )  - -  - 

415-410 

49 

10 

2.5  (15) 

17.1  (35) 

9.5  (19) 

5.5  (11) 

1.6  (3) 

- 7.9  I 

(16) - 

410-405 

37 

8 

10.5  (28) 

5  (14) 

16.5  (44) 

- 5  (14)  - 

405-400 

27 

6 

4.8  (28) 

.  5.2  (19) 

12  (44) 

- 5  (19)  - 

400-)9S 

24 

5 

11.4  (47) 

9.6  (40) 

- 3  (13)  - 

395-390 

10 

2 

10  (100) 

Table  A8 .  General  sediment  distribution  within  the  18-ft  deep  erosion  rone, 
reach  2  (data  from  Figure  14). 


Elevation 

Intervals 

(ft) 

Total 

Footage 

Number 

of 

Wells 

PT 

0L 

ML 

SM 

SP 

CM 

GP 

GW 

Tot.  ft. 
(X) 

Tot.  ft. 
(X) 

Tot.  ft. 
(X) 

Tot.  ft. 

(X) 

Tot.  ft. 
(X) 

Tot.  ft. 
(X) 

Tot.  ft. 
(X) 

Tot.  ft. 
(X) 

4  3  5-430 

19 

8 

10.6  (56) 

8.4  (44) 

430-425 

62 

13 

10  06) 

40.4  (65) 

4.6  (7) 

1  (2) 

5  (8) 

1 

(2) 

425-420 

53 

13 

13.5  (20) 

20.5  (39) 

8.2  (15) 

5.8  (11) 

5 

(9) 

420-415 

11 

4 

1  (8) 

7  (54) 

5 

(38) 

Table 

A9. 

Sediments 

in  the 

one 

eroded 

well,  reach  2 

(data  from  Figure 

14). 

Elevation 

Total 

Number 

PT 

OL 

ML 

SM 

SP 

GM  GP 

GW 

Intervals 

Footage 

of 

Tot.  ft. 

Tot.  ft 

.  Tot.  ft. 

Tot.  ft. 

Tot.  1 

Ft.  Tot.  ft.  Tot.  ft. 

rot.  ft. 

(ft) _ 

Wells 

(X) 

(X) 

(X) 

(X) 

(X) 

(X)  (l) 

(X) 

4  35-4  30 

5 

1 

4  (80) 

1  (20 

430-425 

5 

1 

4  (80) 

1  (20) 

4  25-420 

5 

1 

5  (100) 

420-415 

5 

1 

5  (lOCy 

52 


Table 

A10. 

Sediments 

in  the 

group  of  12 

uneroded 

wells, 

reach  2  (data 

from 

Figure 

14). 

E 1 ev  acton 

Total 

Nuaber 

PT 

OL  ML 

SM 

SP 

GM  GP 

GW 

Intervals 

Foot  age 

of 

Tot.  ft. 

Tot.  ft.  Tot.  ft. 

Tot.  ft. 

Tot.  ft. 

Tot.  ft.  Tot.  ft. 

Tot.  ft. 

(ft) 

Wells 

(X) 

(1)  (*) 

(X) 

(X) 

(X)  (X) 

(X) 

4  35-430 

14 

7 

6.6  (47) 

(53) 

430-425 

57 

12 

10  (17) 

36.4  (64) 

4.6  (8) 

1  (2) 

5  (9) 

4  25-420 

48 

12 

13.5  (28) 

20.5  (43) 

8.2  (17) 

)  5.8  (12) 

4  20-415 

8 

3 

1  (12) 

7  (88) 

